Non-Specific Inclusions in Epidermal Cells of Keratoacanthoma*  by Sagebiel, Richard W
The general acceptance of keratoacanthoma
as an entity followed the description by Rook
and Whimster in 1950 (1) rather than earlier
reports. Its rapid growth and spontaneous re-
gression attracted attention long ago by Jona-
than Hutehinson (2), and scattered reports of
rapid cures of squamous cell carcinoma by low
voltage therapy and arsphenamine (3) prob-
ably include a number of regressing kerato-
acanthomas. The growth of this tumor occurs
most commonly in elderly persons on the ex-
posed areas of skin as a solitary lesion (4).
However, reports of multiple keratoacanthomas
or of keratoacanthomas precipitated by various
forms of trauma to the skin are well known.
Such trauma includes ultraviolet light (5),
psoriasis (6), burn scar (7), and exposure to
pitch and tar products (8).
The resemblance of the clinical and histo-
logical growth to verruca vulgaris has stimu-
lated repeated attempts to demonstrate a viral
etiology (5, 7, 9—12). However, no such agent
has yet been clearly demonstrated by tissue
culture or serologic technics, even though mor-
phologic evidence is accumulating. In 1961,
Zelickson and Lynch (9) described a unique
virus-like body in the nucleus of the epidermal
cells of keratoacanthoma, a finding soon con-
firmed by Prieto (10). Recently Forck et al.
(11) reported two types of virus-like bodies in
keratoacanthomas. The first was similar to
Zelickson's, measuring 500—580 millimicrons in
length, and the other similar to that of the
herpes zoster virus, measuring 35—60 millimi-
crons in diameter. The present report began in
an attempt to demonstrate these virus-like
bodies or to identify some other etiologic agent
by means of the electron microscope. Occa-
sional intranuclear bodies similar in size and
morphology to those described by Zelickson
were seen in one of the six keratoacanthomas
examined, but with much less frequency than
he reported, and these do not form the basis
of this study. Instead, numerous round, mem-
brane-bounded bodies, located in all six kerato-
acanthomas plus several other abnormal condi-
tions of human epidermis were found, and will
be described.
MATERIALS AND METHODS
Six keratoacanthomas were completely excised
after injection of local anesthetic. A portion of each
excision was processed for light microscopy by
routine paraffin-embedding and staining with hema-
toxylin and eosin. Those areas chosen for electron
microscopy were immediately placed in cold 6%
gluteraldehyde in 0.1 M phosphate buffer for 1½
hours, and post-fixed in 1% osmium tetraoxide
buffered to pH 7.4. Following fixation they were
dehydrated in graded methanol and embedded
in Araldite. Sections were cut using glass knives
on a Huxley tJltramicrotome and were stained with
lead hydroxide. In addition to six keratoacan-
thomas, the following conditions were studied for
the presence of similar bodies: actinic keratosis,
basal cell papilloma, aphthous ulcer of the oral
mucosa, biopsy specimens from normal human
volunteers, normal skin adjacent to the basal cell
papilloma, and skin which had received 4000 r
during the four days prior to surgery under general
anesthesia. Thick sections were made for initial
orientation, stained with toluidine blue and were
examined under oil immersion. Thin sections were
examined in a Siemens Elmiskop Ta electron
microscope.
RESULTS
Light microscopy.—The six keratoacanthomas
were all excised in the proliferating phase of
early growth rather than during the phase of
regression. All had been present from 3—6 weeks
and were growing rapidly. Clinically they were
all from exposed areas of skin (four from the
face, two from the forearm), and three of the
six occurred in men who were exposed to pitch
and tar products through their work in the
various gas industries of the London area.
293
THE JOURNAL O INVESTIGATIVE DERMATOLOGY
Copyright 0 1966 by The Williams & Wilkins Co.
NON-SPECIFIC INCLUSIONS IN EPIDERMAL CELLS
OF KERATOACANTHOMA*
RICHARD W. SAGEBIEL, M.D.
vol. 46, No. 3
Printed in U.S.A
Received for publication August 19, 1965.
* From the Department of Clinical Research,
The Royal Marsden Hospital and the Chester
Beatty Institute for Cancer Research, London
S.W.3, England.
Present Address: Departments of Pathology and
Medicine, University of Washington, Seattle,
Washington.
This investigation was conducted during the
tenure of a Damon Runyon Cancer Research Fel-
lowship.
294 THE JOURNAL OF INRSTIGATIVR DERMATOLOGY
Histological examination showed the typical
features as outlined by Whimster (1, 2): rela-
tively normal epidermis is stretched, together
with its appendages over a central plug of
kcratin giving the lesion its characteristic
"volcanic" shape. At this stage of development
the koratin plug may contain considerable
parakcratotic material. The cells of the pro-
liferating epidermis fold back sharply from the
normal and send finger-like processes toward
the base of the lesion, frequently coming into
direct contact with the thick collagen bundles
of the reticular dermis, coils of cccrine sweat
glands and arrectores pilorum muscles. The
basement membrane is frequently not identifi-
able, and inflammatory cells pass freely into
the proliferating epidermis, often in localized
collections or microabsccsscs. The cytology of
the individual epidormal cell is of importance
in that a relatively normal nucleus is situated
in the midst of a large pale cytoplasm. In
scattered areas cells of the stratum granulosum
are prominent. Mitoscs were frequently seen,
but were not abnormal. Foreign body giant
cells were not seen as is common during a later
stage of development.
Thick sections (one micron) of plastic-em-
bedded material stained with toluidinc blue
were also studied. The findings seen by paraffin
sections wore confirmed, but in addition focal
loss of the basement membrane, separation of
the plasma membranes and a striking inflam-
matory cell infiltration between epidermal cells
could be appreciated. The plasma membrane
separation was most marked at the basal layer
and became less so toward the stratum granu-
losum.
Electron Microscopy—Low magnifications
confirmed the presence of wide intercellular
spaces and numerous inflammatory cells.
Plasma membranes in these areas showed
marked undulations between dcsmosomcs (Fig.
1). In the cytoplasm of all six koratoacantho-
mas were seen a number of round areas of
granular or clumped electron-density, almost
invariably surrounded by an electron-lucid,
structureless zone, the overall dimensions of
which ranged from 350 to 750 millimicrons
(Figs. 2, 3). The majority were bounded by a
membrane, which in rare instances could be
seen to be continuous with the plasma mem-
brane (Fig. 4). The adjacent widened inter-
cellular space contained material which was not
unlike that in the inclusions.
There was a great variation in the number
soon between the keratoacanthomas and the
other conditions examined. All six korato-
acanthomas showed by far the greatest number.
In any particular section more than half the
opidormal cells would contain at least one of
these bodies, occasionally two and rarely three.
None were found in the nucleus in any condi-
tion. The aphthous ulcers also had large num-
bers, but their occurrence was localized to
areas in which plasma membranes woro widely
separated and intercellular edema was marked.
The actinic keratosis and the basal cell papil-
loma contained fewer, being found in less than
10% of the proliferating epidormal cells. The
"normal" aud the irradiated skin only showed
such bodies infrequently. Various cells of the
superficial dermis such as poritholial coIls, mac-
rophages, and inflammatory cells also occa-
sionally contained a similar body.
The almost complete absence of intranucloar
bodies of the type described by Zolickson (9)
is noteworthy. In only one of the six korato-
acanthomas examined did several sections con-
tain round bodies in the nucleus about 550
millimicrons in diameter and surrounded by
3—4 concentric membranes. No definite central
nuclcoid could be identified.
Apart from the presence of such bodies and
occasional bizarre dyskoratotic opidermal cells,
the only remarkable feature of these prolifer-
ating opidormal cells was their size. The area
of the cytoplasm in a section of these cells
varied from two to five times normal size, with
wide separation of the bundles of fibrous
koratin. The remaining space contained in-
numerable, minute, electron-dense particles with
the characteristic size and shape of ribosomes.
It was difficult to assess the total amount of
fibrous koratin because of its wide separation in
such enlarged cells, but it appeared to be in-
creased. The stratum granulosum in some
areas was thickened and made up of greatly
enlarged clumps of koratohyalin. In the para-
koratotic areas of the stratum cornoum were
seen numerous bodies similar to those seen in
psoriasis (12) and ultraviolet light exposure
(13). They could be easily distinguished from
those bodies which arc the subject of this com-
munication.
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Fin. 1. Basal layer to show separation of plasma membranes (S) and undulations form-
ing round bodies (arrows). Basement membrane (BM). (X 10,000.)
DISCUSSION
Recently Nix et al (14) observed in normal
human skin small invaginations of the plasma
membrane of epidermal basal cells—but con-
fined to the lateral walls and the portion of the
plasma membrane opposite the basement mem-
brane. These vesicles, measuring 60—120 milli-
microns in greatest diameter, were not ob-
served in any cells above the basal cell layer.
They were interpreted as evidence for the
process of pinocytoSis in the epidermis. In the
present study similar infoldings of the plasma
membrane between hemi-desmosomes of basal
cells were easily found in all keratoacanthomas
and aphthous ulcers examined, and were occa-
sionally found in the other conditions.
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Ftc. 2. Stratum Malpighii showing round bodies in cytoplasm (arrows). Note prominent
nucleolus and large numbers of ribosomes separating bundles of fibrous keratin. (X 10,000.)
Pinocytosis—literally "drinking by cells"—
was first described under that name in 1931 by
Lewis (15), and occurs in the absence of solid
particles. It has been distinguished from phago-
cytosis—the "eating by eells"—whieh has been
observed since the end of the 19th century,
when Metehnikoff first studied the ingestion of
small particles by cells. Recently, as Bolter and
others have pointed out (16—18), with increas-
ingly sophistoeatcd technics, the distinction
between these processes is less clear. The in-
gestion of particulate matter—for example,
methyl fcrritin (18)—is described as pinocyto-
sis. The question of whether the cell is drinking
or eating may be too personal to be valid, but
in this paper these processes are distinguished
morphologically as defined by Fawcctt (17).
The bodies which have been described in the
epidcrmal cytoplasm in this report have not as
yet been shown to be part of a phagocytic
process. Indeed, the alternative view might be
taken that these bodies represent the produe-
tion and excretion of some abnormal metabolic
product by these rapidly mctabobzing cells.
Against this possibility, however, is the fact
that no precursor forms were seen in the sur-
rounding cytoplasm. Similarly the possibility
that the bodies might represent some form of
organism, viral or plcuropncumonia-likc, might
be thought to be unlikely on purely morpho-
logical grounds. In addition, their presence in
the divers abnormalities examined is against
the possibility of any form of etiologic agent.
The varying morphology of the contents and
the occasional relation to the plasma mem-
brane, together with the similarity of contents
to that of the adjacent extracellular material is
in favor of some phagosome-like body. The
possibility that they may represent some form
of lysosome has not yet been excluded.
The apparent discrepancy in the numbers of
intranuelear virus-like bodies between the pres-
ent report and that of previous authors (9—11)
can be explained in several ways. Their origi-
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FIG. 3. High magnification of body indicated in square in Fig. 2. Note inner particulate
matter, surrounding space, and bounding membrane. (X 80,000.)
nal description (9) was based on one case and
particles were found in 40—60% of tumor cells.
In an addendum to the same article, three more
cases were studied, but in two of these the
particles were present in only 15—25% of the
cells. The durations of the lesions prior to ex-
cision were not given, and it is possible that
there is a variation in the numbers of these
particles depending on the stage of maturation
of the growth. In the present series all the
keratoacanthomas were in an early stage of
development.
Alternatively it is possible that these particles
do not represent a single etiologic agent but
rather a more general reaction of the nucleus to
more than one agent. In support of this is the
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Ftc. 4. Membrane bounded body within cytoplasm and adjacent infolding of plasma
membrane. (X 90,000.)
observation (19) that a body of identical size
and morphology is present in large numbers in
one type of aphthous ulcer of the oral mucosa—
ebnieally referred to as a herpetie form. Since
the second type of particle described in
keratoacanthomas recently (11) is of a similar
appearance to the herpes group of viruses as
described by Bernhard (20, 21), it is possible
that this is the real etiologic agent, and the
larger body is merely a nuclear reaction to this
agent. This concept helps to explain their pres-
ence in two apparently unrelated conditions. At
the present time it is only possible to say,
therefore, that the intranuclear bodies of
keratoocanthoma appear to be neither con-
sistently present nor even exclusively limited
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to this condition. Similarly, the inclusion bodies
which form the basis of this report are not spe-
cific for keratoacanthoma, and their presence in
areas where intracellular metabolism is probably
greater than normal and where some degree of
intercellular edema is found, iodicates that they
may be related to cellular outrition, but this
point has yet to be investigated.
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